Abstract--Rigid body motion tracking, estimation and compensation in cardiac perfusion SPECT have recently been developed and tested in our laboratory. The objective of this study was to proceed with the evaluation in patients of the effectiveness of rigid body motion compensation. Patient volunteers (n=50, with an average age and body mass index of 60 and 33 respectively) with written consent were asked to execute some predefined body motion during an additional second stress perfusion acquisition. Acquisitions were done on a BrightView gamma camera equipped with a low dose cone beam CT (Philips, Cleveland, OH) using the standard clinical protocol with 64 projections acquired through 180 degrees, the two heads in 90-degree configuration stepping 2.81 degrees between projections. All data were reconstructed with an ordered subsets expectation maximization (OSEM) algorithm incorporating a 3-dimensional Gaussian rotator using 4 projections per subset and 5 iterations. During reconstruction, all physical degradation factors were addressed (attenuation, scatter, and distance dependent resolution). Second stress acquisitions were reconstructed with and without motion compensation, while the clinical stress was only reconstructed with motion compensation and used as baseline. Polar map quantification was employed to evaluate compensation techniques. Results indicate that rigid body motion compensation was successfully applied in a large number of the patients evaluated, however technical and practical difficulties lead to failure in some.
I. INTRODUCTION We have implemented various rigid-body and respiratory motion compensation strategies [1] [2] [3] [4] [5] , either separately [3] [4] [5] or in some combination [1, 2] . Recently we completed integrating these two corrections to run with minimal initial user interaction employing a visual tracking system (VTS) from Vicon Motion Systems, Inc. (Lake Forest, CA) for motion-tracking and showed good visual agreement when compared to no motion induced baseline acquisitions [6] [7] . In this study we entered the next phase of evaluating the effectiveness of our rigid body motion compensation 
II. METHODS AND MATERIALS

A. Patient Acquisitions
Patient volunteers with written consent (n=50, average age and body mass index of 60 and 33 respectively) undergoing scheduled Tc-99m sestamibi cardiac perfusion rest-stress SPECT tests were asked to execute some predefined body motion during an additional second stress perfusion acquisition. List mode data were available for both the clinical and second stress acquisition. The clinical stress perfusion studies were used as a baseline for comparing rigid body motion compensation. Acquisitions were done on a BrightView gamma camera equipped with a low dose cone beam CT (Philips, Cleveland, OH) using the standard clinical protocol with 64 projections acquired through 180 degrees with the two heads in 90-degree configuration with 2.81-degree steps. List mode data made the selection of pixel and matrix size flexible and for this study projections were framed into 128x128 matrices with a pixel size of 0.466 cm. One low dose cone beam CT was acquired prior to the clinical stress study.
B. Visual Tracking System Acquisitions
Motion tracking employing 5 near infrared Vicon cameras in combination with 7 retro-reflective markers placed on the patient volunteers. Five retro-reflective markers were placed on the chest, one retro-reflective marker was placed on the right lower rib, while another retro-reflective marker were placed on the abdomen to track abdominal respiration and sometimes to assist in rigid body motion estimation (figure 1). Motion tracking was performed during all phases of the study and various methods were used to synchronize tracking information with list mode acquired perfusion SPECT data. To maintain the clinical integrity of the gated stress perfusion acquisition, synchronization was achieved by using 1) a second physiological input channel activated by Philips service and deactivated when power was cycled, 2) a novel input channel combiner (ICC) [8] developed for this specific purpose, or 3) knowledge of the translational motion of the bed between the low dose cone beam CT and gated cardiac SPECT acquisition. Detected photon events as well as other control events in the list mode data file were temporally interspersed by 1 arrived. When a second physiological input channel was used, a continuous stream of pulses 1 sec apart were introduced 240 seconds after the start of the visual tracking system. The ICC introduces the synchronization signal into the physiological channel used for the ECG signal. In this instance, it is a unique short pulse sequence 450 ms in duration introduced 25 seconds after the start of the visual tracking system and easily detected with heart rates up to 120 beats per minute. The third option did not need additional hardware using only the translational motion of the bed recorded by the visual tracking system compared to the bed motion recorded in the list mode data file. Cross correlation and calculation of the minimum squared error were employed to determine the best fit. 
C. Rigid Body Estimation
Processing was fully automatic and steps were 1) reformatted list-mode data into 64 projections, 2) down sampled 30 Hz VTS positional measurements to 10 Hz (100 ms) and synchronized with SPECT projections, 3) separated rigid body and respiratory motion and estimated 6 degrees-of freedom (DOF) rigid body motion as described in [3] , 4) reconstruct with rigid body motion compensation. 
D. Reconstructions
All data were reconstructed with an ordered subsets expectation maximization (OSEM) algorithm incorporating a 3-dimensional Gaussian rotator [1] using 4 projections per subset and 5 iterations. During reconstruction, all physical degradation factors were addressed (attenuation, scatter, and distance dependent resolution). Rigid body motion compensation reconstructions were also performed on baseline acquisitions while second stress acquisitions were also reconstructed without motion compensation.
E. Image Analysis and Evaluation
All reconstructions were filtered, and reoriented to short axis, horizontal long axis, and vertical long axis slices. Polar maps were subsequently generated using our own software developed in IDL. Polar maps were compared to a normal database created with 20 patients acquired and reconstructed in the same manner as the clinical stress patient volunteers described earlier. The polar map program determines the difference between the normal database and patients in 17 segments according to the ASNC guidelines. These differences are expressed as the number of standard deviations below the normal database and used for direct comparison of the motion compensated second stress study and the baseline. If no statistical significance were found, it would mean successful motion compensation. 3 -base infro-septal, 4 -base inferior, 5 -base infro-lateral, 6 -base antro-lateral, 7 -mid anterior, 8 -mid antro-septal, 9 -mid infro-septal, 10 -mid inferior, 11 -mid infrolateral, 12 -mid antro-latral, 13 -apical anterior, 14 -apical septal, 15 -apical inferior, 16 -apical lateral, 17 -apex.
III. RESULTS AND DISCUSSION
The patient volunteers can loosely be categorized as 1) patients where no motion were introduced in the second stress acquisition, 2) patients with motion introduced in the second stress acquisition, visually tracked and motion compensated successfully, and 3) patients with motion introduced with practical and technical difficulty resulting in failure to correct for motion present. The results given in figure 2 and table 1 fell within the second category.
